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ABSTRACT: 

A computer system in a fault-tolerant configuration employs three identical CPUs executing the 
same instruction stream, with two identical, self-checking memory modules storing duplicates of 
the same data. Memory references by the three CPUs are made by three separate busses 
connected to three separate ports of each of the two memory modules. The three CPUs are 
loosely synchronized, as by detecting events such as memory references and stalling any CPU 
ahead of others until all execute the function simultaneously; interrupts can be synchronized by 
ensuring that all three CPUs implement the interrupt at the same point in their instruction stream. 
Memory references via the separate CPU4o-memory busses are voted at the three separate 
ports of each of the memory modules. I/O functions are implemented using two identical I/O 
busses, each of which is separately coupled to only one of the memory modules. A number of 
I/O processors are coupled to both I/O busses. Each CPU has its own fast cache and also local 
memory not accessible by the other CPUs. A hierarchical virtual memory management 
arrangement for this system employs demand paging to keep the most-used data in the local 
memory, page-swapping with the global memory. Page swapping with tfek memory is through 
the global memory; the global memory is used as a disk buffer and also to hold pages likely to be 
needed for loading to local memory. The operating system kernel is kept in local memory. A 
private-write area is included in the shared memory space in the memory modules to allow 
functions such as software voting of state information unique to CPUs. All CPUs write state 
information to their private-write area, then all CPUs read ad the private-write areas for functions 
such as detecting differences in interrupt cause or the like. 
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33MHiO^Prnifl^ 20MIPSOU 
#gfc9 1 0 0^^) ***.*) fcMftL * 
iritt, Ht8CSPARCWtt*-Ft6C 
MOSR 1 SC^Oo/otyf (ejS*^-S 
-2 5) **fcUTV**. 

/o* 7 tf »/40l:«V»6, 7^40 
<fv3_#Hx T KKJ: ORft^nfcR 2 0 0 

£*>o-**/<xfc£«sn6. coftaitjiiffl 
r 2 o i o t um?nt^«. o-a^,** 

4 K 42. 4 3 MU h<77 7 5 0 i'J- 
K/<y r y 5 1 **LTrtS^<xMc«t*i*n 

<»&#*R 2020) r*0* M&ttOf: 

**4 >r Ltf 1**11** fettle t J: 9 |i 

t/U6> /ot»t40C^/(Rn)tO 

?4 ^ < 7 7 7 5 0 ta6/«xi:jBi, /Dt7 
* 4 0*9 4 h<77r50 fc^W /<xltm 

TT, 7*0*7^^(0^ Mfrtttrfr 7 
tr*TfigK*-6. *L?<f h/<77 T /W/U52 



*-e* h-ju (-^»ih) name ? 4 

'^4 1 ^f»0«»f-^ ^<X42^^<0TK 
U ^f-^(0aat<J«t6Hi:**4C<04: 
9 4 h/<v7T<i:/»*T*f-r5'4 0 O * » * 

v*<f * *XftTff4>fi*. *4 



?$RJ¥ 2-202637 (12) 

*7^4 0 C J: 6 !) - K © ftMi * 7 * - ^ < - r 
? <f M<77 T 50i:*in67Kwxi:»i,T 

? 4 7 T 5 0 t !> - K/<* y r 5 I 
f-^/<x53, T Kux^x 5 4 *f *lf 
x 5 5 *«;tfcrttt'<*HSCfct**n*. o- 

CPUOfci!>^<x22tfcli23) fcT^tx 

0/<^4i^4 2d»^tl^n«)tt, *-XrA/< 
x 2 1 rt<0^K<tr l->^/f-^/<x5 7 fc|E 
**n* K* 4 > tl**? 4 vtt % »£L 



9 -< v 5 9fc£«*rts. 

✓<X* ^-7x-xai 7 h 5 6 «i , 
M<iti;^/H4H 5 x 

**><ojts*. ttfc-rax^ic* ttftocput 

4tl 5^(0>t'J7^tX^Utt> o-a*. 
-*> 1 4. 15^0C07^t^li % *BWt<!) 



***26» 27» 9 HLtOAIttC: 

$lOf^ x^^t!l'vfl)7^txtt, SUfFT 
ff£?n* + *$?a->n 4t 1 5^0 

7^tXiH^ftlH^. CHT, CPUf7 

7-40<:U^!i T**x<»Kll«a#*><&. 
fiJKii, t'/a4Uf-^f>a45 
6 4 K'W ***4 Xtmg* 

7 4 A,T**» (fill aUoritha) fcttfflb 

**lt*t7 Mlv^?n» t>^^<95XOt7 

Cl/O^I8-C<C<) 9 9X«-htff5) 

JHU HCv/vf< ***fctt 3<H* /ill 4ffl 
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* U a v r 0-9 6 Oil, 7Kux/<x54^f> 
*>T K.ux^a»/<x5 S*h<r>T Kpxxm 
-^«r««L. HB-*^>ty i 6 

ROMOJ: ,ey 62*R«fc, ft 

<B*>o-a*p$?x* 6 ! rt«/<xi:j:,t 

^fr/^'/xfi,cj:oTtt)8?n, * + 
4 4rtx«*A,^*tmT*!K ,«*y^ y 

»9ii*@l&6 5 4 3 *fctt5 5T 

ftcpui i % i 2xt*i 3*« tta^nex^ 

&d ; J& 2 5 p p m (pans per Million) Tfc o 

fntut5^it^o. ***>u *«»!> 

JW> *-X*AC ioT) «OHXh!)-A^)R 



ft ISI ¥2-202637 (13) 

H» 6 5 tt, tt<02 HOC PU 1 2t 1 3^f,« 
9 (pendiDf) A^trftflTt, COft 

*>2«<DC PUCH V6 7 t*lT«9i&** 

CPUIU I 2RC/I 3***Cfc* + a,< x 

i 8<o-a«cfti. row*** 

Ni?a-*H, 1 5^/<X350^r/68 

+ PI>* 'J v frfcft«'<g*tf 
t<o*-#-Ktf:ilf 4 x^KM^xn 

t\ *|<0> i$^Xi+& s /ot>t4 0 fcRJClC 

^A'tlfft-rifl^C ? T> ? f | 7^/ot7 

*4 oottwevc«»/<^ 4 3 **trft«* 

:o»nn;v;xMJt-/<-7D-t 

28 fc» 7* d -fe „ * r _ ^ t * ft fr-tfWfe * n 6 . 

>^!ltya-^| 4t| 

5^0> *y ^JHCJ: otRW^^ns * Si* 



tt#*n* # ?f>c, > * 7 3i±* n*>>* 

<f * A>-C*vw> VIM ^fcttft-f*. 
CO/r»v*73WU *«c XoTU t7 

C-4KC-8t«4t6. 

-M/t'jc l* Kffcffi^nar-**** 

«tt?tfifc^»:DMA@K74tOU'>^fCl 

»30t^lBtt, $ii«OR 2 0 0 0 M/ 
JfcliR 3 0 0 0^</^)/ot7t4 0^?<7 
i:»<SK:^?n4. :of/<Ott» 32fl<03 
2^7 hO-tt0ttOu->'xf 7 6, 3 2tf*K 
OALU77, 0 fcfr hfrb 6 4 * h^0>*>7 
578, *Jttf3 2 x 3 2*>*m/ft&®U 7 9 
tttii32e7 hO/r/CPU75t«x*. 

cocpim, t/c. ro* * *'<x«jb8 ic 

*^.f-^/<x4 1i:Rfi?n, f-^/<MI 

it6tt»oyy^t«^/:0^f3-7 v 8 2C 
Iktt 32tf7^o-*^7KPX/<x 
4 2»i, t'/f 7//t'Jffl37 , ot7trt(0 
h7>^P--> S , /^7^71f-r F'/<7 7; (T 
LB) 8 3 *£t/£fi> * u ^SKEC X ore 
»?#t6. TLB 8 311, fiSr^^/<^8 4 

Hlt70D/Dt 7 f7"D7^75i^ft 

ctJRf,nfcCfir Fuji fcitBsns^s 6 4© 

O^vh '<*4 2OTtt<0 1 6 f y 
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ftffl ¥2-202637 (14) 
7-Kfe«ia*, £<o@r& 7 4 o u 9 \zr 

tlt» /<^ 5 3- 5 5R(;2U/:7tW<c 

0CJ:oTXfT?ne3^xKli, D MASK 7 
4«H?X^^O!l - Ktftotfc JCIr*. UN 

rn^o/07^e»tt, *t> uif uif 

J^^*UfcO-*^^*Ufc I / 0 h ? 7 * y * 

(DWlH&avSnS^-^Tfc*. K-^li4K 

ku *ffi£#«jfl<*n, t y h^fic5<ff,if, 

W^86<:>>Lr<0TLB83^^<O5^xvh 
8 I t*m»*r 9* 2^f>B»?n 

7*ot7lf40W^007'ot7ir7'07^ 
751** RISCM/t^O, *<<?>fr4#! 

^-C£fT*n> Mi, A L 

o-K/Xh7^^fc<Jtit4. fcftttTKUX 

a 2 *>rt8o*a-c*>* r Ku^osr^? yFt, 

U'/X^ B<Ort€f C J: 07Fux?n4i>t9 



K*O#<0*£*«r X KTtfi:. ) * 
COttffll, *O*ft<0*«fr ^*x**f,P v? 
ttifyh. i*<s%9 A 2 * A 1 CAl*** 
*x* B 1 Ktf*, u^x^AUui?; 

^ 5"<4 9&i6l*, 3 2 *<Ow*x* 7 60« 
fr^i&n^ttC l**X*Ht* KCfcitK^y K 

I •» **** 9Jt<***« £<ntz*> 

1 (latency) ^*A?fl^. o-K 

-tn-en, cpuk 12, 

I 3^^*3iB<0/<^2 1 , 2 2. 2 3K£tt 
#nS3e<0A*/tt^#-h9 1> 92, 93 

4, 95, 96C?yf?n, fe?*f-Mt, r- 

Ox F o-y, tfcli. T Kux, v K, Jt 
y - K»fti*>rt:ifr0>x ^-^txhrtifc 

u^x ^ofigli, £3 flOi^'>'x^4^t^ 
T<D**^.:'lc8l22n*Aa*S;t*:*-h 
BBl 00CJ:ot*-^fl6. <>L:£30<D 
CPU 11, I 2, 13^RC>t!)R«(RC 



2-202637 (15) 

***fT * ***ft * * H ft * €?« C -f 6 *> C A 
ClCW ^9 4 v<t*nTir*6 # *4Bfc«*jgL 

tt, 16. 6 7 MH z o 7 * I 7 C»UT 1 

5 1M **1-fcfc*>'M rxr-^HU IF (I 

♦ t'>a44^^H7*rf)» RD (l"^ 
X * * r h 7 6 *hv> y - v K) % A L 

EM (<>H?<?nfc4^D*f>a4 5*T* 
*Xtf J:) % RtfWB (ALU<0|g** u*x* 
7rU7 6Cft<?) £ LtiftfM*. *5Btf* 

ML** 4 tA-SKH^X, I # 5 

-i?tzt>L *%i#iuu t<oft»o^f--/' 

* <C*>*WBXx-*C<,9, *<0«£<0**li, 
UI±JHSfl&CttP?C**x h y - A<r«fri-6<0 

T+*c t*nn*nz* a* 1 > * y 

3li07rf 94» 9 5, 9 60<r*m* 

ic? -r f ?nitfi^ot y r*-tx*M#i- 

x, f-^Rl^a^v Ktt, f-^/<M 0 1 , 
T Kpx/<7 1 0 2 *f XV* ^ v K/<x 1 0 3* 
*Orttt^<xcQ)2ia?n6. c«>rttt/<x*fc, 

>*yj?*fi, TKl^XICftffUT, *LT>X 

7^A«aicttff it«*^y y-xicr^-txt- 

> * y a v h d-5 1 0 5 */flv*T, rtffi^xc 

105 tt. T^-tx/<xl02^^TKuxt« 
'<xl 0 3*f>/*y J?*£X hu-T't 

fit, T-9 \1)t 9 mU&T- 9 1 0 

^OT^xrttti. CODRAM104 



*V*-Ctt*»3 2M'M FOtM Xt*6. £ 
C, rtff'<X 101-10311, «I»-Xf<* 
XU-an0 6v ^ft<0*»fcftR AM I 0 7 

*S'<x 10 1-10 3C^?n&A^(fii 

25K7**x-e$a. t> L>*y*c;*-*# 
*u**>'a-JH*io/^r-ifhu-f i l ou. 

,<x< v*-7*-x 1 0 9*HW + *. t»U/ 

* y * r y -ft* *-~*ThZ 

Xhtf* '<*3 4t*'<*4 v^-7*-xi09 

DRAM I 0 4^>t!)r;tXtt, m l *> 



«Kl ¥2-202637 (16) 

*>R*<D + <0* 1 OU^OJgStt, ORAM10 

4^<or**x*Km£tf a. y-Kctfu-c. 

DRAM 1 0 A&T Kuxf&SSIt, t'/X7> 
/*t^D-/?n» 7—9 tt27& ; DR A M A 73 

4, 150#-MK 9 2, 9 3 C>**J£* 

:nf)0/<xo&+ii, 3 2*os^ 
fi^t7 Kux/f-^M 13*<oi;*ft 
a «<r v K * -I >XLV2**>x ho-^^i. 

3^vK^-r>-tt, u-K, *-fh, 7"07^c 

j£, I/O !l- Ktfctt l/O*^ h 



C*t + 6'M h^-7*A,^LT«it6. JiE 
<OXho-7*tt, AS (XKWXXhe-:/) 
DS (f-^M-y) Tfc*. CPUl 1, 

12, i 3u, *n<en, g#a#<0'<x 2 1 , 

22Xtt23(«»t«. ca*JCfllC*t»T, 

CPUtt, 7KUXXho-7AS (7^f<7* 
To - V"</iO tl^^f ^rtT/<XC7 KW'X 
t3^yKlr2Sy, tZ < * 4 ? A> (*> 
in**, tM^f lt-t^tft<t*j:v>) 
-c^-* x \> o-y^Pi^<c/<xtf)r K^x/r 
vex-* *aS« + 6. »CPU*fe«> 
7 Kuxx I- «- ^a Sl*« xho-y^nf: 
£ h 9 1 , 92Xtt93C7Kuxi3 

K*£C*tf-C* ^*x* 9 4, 9 5, 9 6 
«)7Fl'X07yKt^/>J'i:?7f?^ 

**./<x21, 2 2, 2 3<7>*ft <c<DX*« 
TI130 + 02) ^RC>tyR*t^?f9 4, 
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9 5, 9 6Cfc«r*£*, #»h@K10 0tt, 
'<X l 0 3Clft*)3vv Ktjl&£<£> >*y 
T * *x*«3lfr*rt6. H^v^M h«c 

ck{&4#?* vi i 2 <*c>«v # i*>?>r 

v 1 12-1 t^U#20^-(v| 1 2-2) C 

jtot#c puicasofi^n, «*icx?m*x 

e«r h**, J*7B*mE|T3CftCPUKfr£j£ 

«/xf^x><^33 (ttic>*y # i <o?-r 
v33-U>*y#207r/33-2) **U 

KttfefXAS) iT3tOACKOHOHT4 
V^@i*C#t*S3efcCPU*oy* 1 7lCtt 

^t>t';t5?a-i.i 4xii i 5<ort«<o*fe£ 
ft^»M 7<ofc«ctt#c-c, sefcy»*. 
* u c p u c j: y m# * n * > * y y - k 

T*)6*, Mvl 1 2-1M 12-2<0 

ACK«^tM'/33-l t33-2^xf-f^ 



CHI** CPUC^-^tijiJ^xU 
h -*1M (stall cycle) fcfcfr U 

^3flwcy y-x?n*. ^3flocpu 

/*U 4XU1 5^f»CPU| u 

r-^DRAMI 0 4*fcXtt> *'Jtt*l 0 
6-1 0 8 U - T***, /<x 2 

4. 2 

u*X* I I 4 + C^WvXf 1 I 4 

« % rttf^-^^x i o i o- K?n, c<o 

w*x tfrhnmUlX* l*MT 3Ctf- h 9 I , 
9 2, 9 3 ^X2 ), 2 2, 2 3<DfcJ0OTK 

OUS^ttiT) ir*«-r6. Bfc:/* <f ^ry t LX 

i6S?ntv^*c;*.^i 4X« 1 5rt*>c<o 
a > m-? i i 7 #a*>'<x 101-10 

3^0r;tXO/tDCI/0«(-<y^-7* 

-x) £cpu«c*-tgi-g3) <owrr 

-f? A > * y i 4XU1 5<oav 

^-9 1 I 7ic JrSCOfcEHU 5^34<: 
X->"C<fto>*y*^ji — juoay ^d - ^ i i 



tt 131 ¥2-202637 (17) 
ux/^- * ? * 6. /<yf 4 tt, 

fM*. DRAM I 0 4i:tiiiinf:t'<t<o 
r-*£ v 1/O^xot^tOf-^li, *n 

rU'rHi, '<X21, 22, 23TCPU* 

ya-A-ceas?n<fv\ y - ku$?x * i i 4 

3 3- 1 , 3 3-2 IrfrLTC P UC J: r> Xl»f!f * 

ns. 4 * y 2: L-ci&jesn/t > * y A 

-x*l 4X111 50**«, -t^)Ui?xy l 1 4^ 
^)f-f t'<^2L 2 2, 2 3Ktf]^t6. /<7 

P*X* | 1 4^o-Kf6jai 

r*«urffi>n* y- Kf»fF*'<y? < 

H«7U '<^T7/33-lt33-2Cx 
* xtlfiti. L*L, ^-^tiU '<X2 
1 , 2 2, 2 3K«#*n*v*. 

»>*y l 4 xu 1 Srt^av h» 

1 I 7 a, CO * s * - A,<ntl*>f) # ay? 

ft>*y*^a-^rt^)3vho-.^i i 

tfcCOt^a-^^fclJO^o, ^ &fi3& 1 7 

8C»^V»t, DRAM104C97i/7->at 
* ^*t«At6. D RAMI! 8 S ^fiC5 1 

2 y 7^->at^ ****at<citni**fer, 

0^«A#n4. CHt, **v* 1 I 8 

fcf* (cpur^*x^fcm/or^<rx*<3ii 
-r ^^*^<x i o 3tzm?j$tLtz^Tr > r £x o 

T'<-X H:- K-C^ff * Hi. C(0B»O/:« 
C» ft»P)'j7V 7 >atO^^«^>^I 1 



p u i i > 12, i 3 n*. :n^<o 

€19 ft >*y .4, 15 

CO@K I 1 9l*cn<><Dl?**it«L. '<*3 

soma? r/69c#- Mnfcaoa^tt^ 

Di&*R«0B 6 5 cm^n*. 
yrh^xroflWOTi:, CPUtt**)CPU 

i/oan -efe±*n**««o 

/<x35«»r/ 6 9, 70«r*L 

/O /o -t y Vfrh * * U * -X^O/<X» 
-*^<0flDi&*R3fc? -f RCA / * II * ^a. 

-a-^<? i /o /^t> ir^o y hM'/t 

^t^t7 4 vli, >xf A^fO^<x32 
t^Ltftl/0/Dt7tCfi8?ni. #8 

I 2 6WU t*» 

? 4 > * xf^x?^>» o**> 

0)7-9* F*?#-r- Rt/'<X 2 8rf^03^ 

2 4 . 2 50rt£<r£fiLttf**'<*fcCja$-ra 
fc^C*lft697f I 27. I280ttfr*£ 

*24, 2 5 Tocam, «^ctrsic«?n/t . 



?lia ¥2-202637 (18) 
-c > * y i 4>.i St^itcpui: 

<I / O 7 v -t ? *t> 

JXU2 7tf»«Cf^n6. I/0/ot,tli 
2fiORC#-h ( I /0'<x 2 4^<0 I flotf 
-H21M/0/<x25 ^<ott<0#- h i 2 
2) tfti.*. ft I /O^x 2 4 , 2 5 l±, 3 2 
e» HK^Tfi^fiX Fux/f-^/<7 12 3(3 

2 nnnc4 ^/<yf< „ u 

at>Mxl2 4» rttt* f» I /O /Dt?t 
^OXl*'<x 2 8 *> iroo^-*> r/C7 K w * 
f&3£* 6 T K^xf^fv, ><* h^x^, 

1/0'<*2 4* 2 50Bfttt Cowcrship) 0> 
fci^OX- tf f ■ vfcfrS. CPU*f>! 

HU TKux^a + vFt <W'<*2 4 . 2 5<0) 
/<X12 3^ I 24C» 7h>XXhD-^(2 
o<D'<*2 4t25<0) #9HS)l*r«8T i CiS 
SlxfetStRBfC /<xl 25K0Jfti-rS. * 
vho-? i 26^7KkXt?7fl 2 7Xtt 
I28i:?7f?*fci:^ TKwxm^ 
/Ui 2 5»:iR?n, / *'Jt^a-4. 

li^HT 2 fcr-J * (W'<* 2 4, 25t^L 
-t)'<xi23cttt}jL* M^I25i:f-^ 
xhD-^iia^t5.^HT2<0ttt, a > h 
B-7tt> 2fl<0?7f 1 2 7> 128Cf-^ 



3£*t»-c, i/o/Dt»t*w/o/<x(tt 

1/O/otTlMi, Jf/<x 
2 4, 25C, ?-;7Mx3U^^j:o 

i 4xm 5fcr-e> i i 

3V>o-5l26lt, I27» 

HUI/Oanp-?30 Kg** ne. 
'<xr/^-7*-xt^a-^29li, — #X 
li&^<OXl*W;fr<0 I/o/ot7ti^o, | 

6. 3n.o-7 3 0Ortat, =r ^ > 

9X % ?-9<n\,#x* I 33**9, (C 
< / Way h D-K^tfll«tt/9 
XHT) CPU I K 12, 1 3**> 
Midi- 6 y- Vty4 ^fcftCTKuxjS 

6. 

VM E'<* 2 8 JbT*>& l/Onno-n 
OHU BIM290?^f/uni 32tfrt 
tfil/0/ot7t2 6, 27*<0»tf«AB* 

vrn^i (Be *o-c«»<* n6#* cp 



UGH ¥2-202637 (19) 

► 0-y*W'<x2 4, 2 I 2 Stzmjj 

7Kuxffgj£5^ W/ < x2 4 > 25* 

* » f - I 27t I 2 8 ft, T Ki*x/<x i 29 
. . r — 9 \ 2 9b, j 2 9 c 

t*W|«'<x 1 2 9cg«*n*. rtfc,<x | 
29a, '^32<:XoTK»?n^fOx 

#$• cn^^u^^M 3oii, cpuotk 

1 3 itt, 3na- 7 i3 1 
TC, VME^x284J«t*. /<x2 8li, 
7Kux^<x2 8a. f-^/<x28b, 

TKux) l±, #3^d- 7 3 0(7tK»« 
^-^GiS^x* i 3 3<0/i*CI*£*n, C 
n*<0T F^ll, t^u-f.^ v / •> x r a k 

i t/ttt#2 HLt<0*7 Kwxfcfc 

*2 6 t*UT*:e<ous;x* i 3 3icajs^t+ 

1 (Rtf=» y h 0-? 1 2 6) U. •ta^t'u* 
* 1 3 2 fra^ftx-T-tft/tWife;**^* 2 
8iOf-f t5»tS. CMi, CPU**, 1 

3^o«?30t7nxt6fcH»i:3-x f ? 
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6. /ot7t40li, 9 4 l*'<T7T50**h 

u*x* 1 3 3^*> I/O? 4 Kiotavh 
ctitts @BI00i:j:ot*-h*n, > 

*K*nfc'<x2 8^oR«<t?nfcM 

7tittx^4.t6. »8HOI/0/oty 
VME/<x2 8 TJtStfStfirb*^ + 

v*. 4 U^fn^Oxf * x r < - a* K (* 4 
v33-Ufctt33-2) C*^Tx*-tf*m 

post) 

~&79 4 / *V *h*f- 4 9 X * * v 3 3 

* £ ft * a* -> fc c * a*«5e # n * . 

cpim* tt^o>*y * 
u«&<o>*y ^fe***^* * xe* Kf-^x 

-x5 6<0@K^t« </*< ^U^)/*9X 
y-4**) OXftt&C?^, teoT, *r-9& 
$ LV*/? 4 -*VfrhlEL < U - Kififc^??^ 

«9&*li->x^A***-r6fc*>K: 



?5KJ ¥2-202637 (20) 
anifFfl* s?ft*. 
< x 5 - y a '< y > 

±B/<X2K 2 2, 2 3 «:^LT(0C2<0fc 

*><o>* y i 4 t \ 5 c 

CPUI 1, 12, I 3ti*>t 
iv%n*->-7-vXtt, KlcR5fI?ft*. 
•>-7"/3lli» /<^r/^-7x - X a.— 7 h 5 
6 «xf - ^f7C *->T5£tt?n*o 

n*. 

5^r9 4^y<o>*y^^^9-fv33cxf 
>*y#iam:o-cja«>f>ftSx h-*ii, &v 

^(leKi-r^fc^C, fl»/<7.5 5 t 4 3**LT 

* > i i 2cmfto 

utt) #xh?n6. l*l«c#*>, t>Lx- 
* x ^ -xtt^w«jn^« u v*/* ^ y * h y 

x 5 5H3t^Ut/«»t7t4 

setter* *i<o»£-cuu *r**><D>*y* 

iSKtfuT* »2<0«^-Ctt, 7-9 

? 4 ■*» / *V frhxr 4 9 xfcfB*;? ft$ 

ntrv*. frcpuor/^-7x-^vM- 
320- 



x * h-**nr> * i *>*£u, 

ISO. t>U«ft 
L*U t^t«9< n&f*#2fH<o> *y 

2 4X1*2 5*fe£C6 9 4 Mi, *Uf 7/ 
ttfc*, l/O'<x24X«25^^<0i/o? 
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>xf^l*ttfy*ttl*$C£*<T£ 6. *"< 

t#T*6. *C> >*^A|*, ffjt^rCjfU 
I*, V7hOi?-i:J:-5t?Ot«?TT?^ 

O. tXfit* T~9 ^ffi^O > *r 'J ^E: - A- 
C*T*>*. £<D?f£*- Kl*, 2X7^7/(0 7* 

ntf**>***. cm*, cojfitt^ttf o-efc 
<0*2O|?txf77 , OKH:» CPUtl/07* 

f*f*. I/O7*ot7t2 6, 2 711, t^-* 

•i — KC»<ora*cffflfe?ne > 

its, tt<D2«*>C PUI*gftflF*ttli**<% B 

v*cpu*-m, >x^z.tffih^-rcxft-c 

|ft^CPU#-K^*'/^-FROM6 
ffiOCPUCCOCt t^t«^«rW^U-C, W 

v^ff *n*. tr, 2(B«>&ff*c 

PU4<<e<0ftJ6* !)C3tf-U 
^£3fl(0CPU^ ry7 M«9 M *£fr 
«f6. CCt, CPUIiR0Mrt<0-(-->t7^ 



A*^fc>*y#JB*i£<&-r*CPUIi, /<X3 
JHI* % 30i»f, 2~>*;gK*-*#- 

7-r scirtrf'msn*. ore »v*cpu* 
Ufcj:?cy7h^xrcj:oti/o/ot7 

ii2 7KiRg£n*. 

<rt*tti*CUJ:»))^3-/hti-?30t, 

iBOF/07 r ot7t26t/:li27^, 

II 1 fia<0/<* 2 8 o l <So l /o 3>ho-?3 
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->*7^ii, a*m, iB<o(2flt4<)cp 

CPUiiv URfto/rf-^^^tii^Tft 
mznhtchx*- l o ocjc or % x« 
^Httncxot, ***#-K*n6. *L2 

fflOCPUrfR-oy*******-*-**. * 

3 *> c p u h* c * n/t^wftjnwra 

C P U £ / 51 * -x*=»Ttt* ^*K9J 

c»Lt»a?nt77 ^x7r*&. i «<o 
I/oroHry^26*f:li27^»6t, JiJfc 

0*^ < + l(H<7M/o**C*l**i fi<r> 

* i^x*^) ^rn^iccpu**?* n&n? 

*XfrLT % 2flOI/0/<7.24t25i:*n 
frfcia?**. 2^1/07*0*7^26^:2 
711. t *C<x 2 4 t 2 5 U /«Jf< 

**-jl**U a v h o-? I 2 6 **>LT3iE 
U>>f v 9 navy K*** y 9 + V\K 
II, 61CPU*«[/O7*ot 7 t26tfcli2 

7rt<ou***c? * Kr*fT-r *u 

^^*>^O>t'Jt^ a -^iES0:7Ku7. N 
tfiE58?n6 J:?C) > T KuxfcSSrtfc I / 

»>*y *i?*-A.| 4 t l 5ti, I 



t 3 3-2 0»fM7M * XTC PU»c£S1-$, 

aaou <w/<x2 4 1 2 5 **lt) 

*4 0tt, *40t*50**IBUTJbCR9IL 

❖ #£fT*n*#H#2 0<O** 7 I 
BffiH$ l I 8 . 5 0 3^C-ttW!CflB^?nr 
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|gjl?nfc i /o /o x 2. 4 * 

n^-f *fr^, t->'»-^RC i/ 

tt^n6, Clxti. ^3*/ha-7 3 0t:lfl^ 
I /om*r^2 6Xi*2 7fcW9l**T*7' 
^)i/o/ot7ti:yt7 ►atvKtaj* 

/07° -tr + tnv V14 

/o* *1M 0*>/M 4 vk*-9-t*1z*> 

VIM >9 71fc73 

IF* Ut'Xttfl£ttt la C. i>*>9 7 
\<r>*4XlU 4 0 9 6 * 2 "KJStf n*. 
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4 OCj:oT? venet-f^^ftc^PTIfl 

&*&m<01E L v^ftnrtESC»»1-6 J: 5 * * 
<0T<>6. I OOH«> n<>>91 

Ta«Valid bit> <r*CMtfi:tCioTlr^ 

tf*. i>*>97 I — 7o-c#UtR 
1 a HLtav M-^<^ 4 3 CC P 
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<£$*r, «C^dhtt^4 OCX 



tfz. 94 ^<?7 T 50O«j8tt» ^o*** 
0 n s e c O^Mt^6-»'> vt-f 
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A-ftft** ATfc»> % fc<0*4 v 9 7 1 

£73-C»5e?n*. + ra****^ 

1 069{rJ£JgLT\ V7^NA(t,Ht„. 
hu->*^73^i?a-o|6lfR) 1.^ 
#1 0B«>&fTtiU I ftOCPU-A, -BXil- 

"co r^j tj>s # cpui:»t6^o^tt» 
9i o aHc^^niin^ono, :ct, 

lM**IHttt* ^f>nfcU7A,^U^'>V 

y * a t ,tC PU-Ali# 3<0 

**C*>9, C P U-Bl2tfR9Cfc9 9 #B<0 



cpuo/ot7tfy/40ii» yy-^ 
«fflm**^«>Sfcfr<oT-cx flit 

5 o#x hrttnf^wc-ffT^etir^flr^ 
x-^#texe**»*#xfcA«y y-xc 

4 3 *4M,T<D rc P tf*-j 
*t'/*44H5tt, yo*ylM 

yy-xj -cfc*. ft^otout, ?** 
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7 7 5 Ott* (7o-ty*#ttOX h7gftft?tfT 

v*y y-7<on-A,i7^f< yy y-x<o 

-XOX 4 Vj-O y ? X |>_A,£ip 

cpu-a, -b. -ctjff^nea- KX h 

4 4 £ 4 5*>* 5U'<r '//'J y -xottJEMx, 
LX h-A^/<y >y-y y-* (fll*.*^-** < 

>a 4 5) -co«$5<oi&*T*>ntf* ±3 «<or 

'/aiX^f.T^U COS XOIS*<0^o 

-/<*>*y i 4X«i 5^<or**x*?8^*? 



T ^ * X frWJ&L* /D-/<*yt>J*)3y |.d 
I I 7HU »|0/ot,tcpu-C^> 

*y r^tx<o«tttMt5i #*:>*yr* 

txfcHttt^. =vH»-7l I7tt, CPU 

-BKPu-c^n^n>ty7^txi:^ 
r**x8*o^**n-ct.T£T-r*. *<o 

tt,BW?ne. C<0«Ui, DRAM I 0 

4^r^t^oMt®B i o or<orf-fM 

r/^o^x^MJ, '<y^yyy-x 
X h -^frh&t£r>tzKUi:7£ + . lflOCPU 
UU ffiOCPU^<Xh-A*i:U^i^SC^ 

CPU-At C PU-B<DtM ^ttftd^Sn* 
CPU-AiCPU^BOy-f t*'<y7r50*fc 



O^A, (full) -ryfh^t B.**\ 

7t-4 . c PUttx hTtt^ff 

* u^7?^ y h*ns* hit. cpuu, 
7^77W y r*nx YTW>tf*%T+zt 

tx^^ti. >O/<»7T50tt».Hx 

tr*yKU X^7»^/<7 7 7 <^I7-F 
tr«WUT*OCPUX !>7|&ft?<DfcJ**>ffcB* 

te.^Mt.r> CPU-BUU 3^o^cP 

t t<ora<c^T-r*fc a, 70/<r7 T 7^7 
* ^u* y t?ix6. y r i*, vt*9h 

n456C J: 9) , <5ffi* 4 A TURKS LT^* 



»tf-C*> CPU-All, ?4 h 

7 r 7*7 7 r&r yrjntttt t ,t: 
*>* hr tnfft cpu-Bttt, 

7 t 7^7? ^#tC*»-t y h tiXX^&Ct 

<->tcv*. CHt, C PU-Blix 
C PU-AttX h-A-fc U*V*. 

l ta<oc p u ttx h-A.(rt6^(>ftnftfitf) 

I rt (CPU-B^I • x ^^(tt 

^6WC) t*ft<OC P UK^i*nfc*fi5e + $. 

WCPUK»LTfiC6. *LlH**a*V* 

tztttfc pucu^a^t^tttf,, cpu-a 

l*1M*JHtR! f tfl9^t£5^ CPU- 
BttlM **Itft I .HtCiXF-^ ^ 

- K*>£**- Ftftt'T. JhE30OCPU<O 

**x h 

*<OUU IfiocpuMHttv^OK n*o 
fc*- 7^/ xO****fr LTV* 

XMJ-A^ -eOffiOC PUOa- Kx h V - 

/• * * fr* t* 6 «t * u tk m # & c o ft t «5e+ * 

IM 1 00> />-XA*t|«-f- 

C6Cfc^K*?n, 3<B<0/o-t 7 tCPU- 
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H^cpu^xh-^?n6^x 

Cix h-*$tix^t£\,*1AGlzti&£hte^X 

WLT, *Hi&**<lM*JHtftI t TCPUC: 
*^n4*t> XfrOttRO o T ^ 

<o*n#iM i •outfit c p U'vott 

ftl rT«Bti^ CPU-Btt, 1M?*ft0t 
2fl<DCPUfc**^fc**T*W-*»*,*6. 

*lH*f>*3ffl*T<0 3»*)CPUli, *** 
A> CPU-BiCPU-C«OHXF'J-A^lfl 

tf, 1 «O7*«»*r1f-j»<tt<07*o***CJ:-»T 

o*^AMOCPUt^Tl/fcft-C3Vy-^X 
h X4 r *-**>C****19$&*HU 
fc*£-t\ |«OCPU^/o*XA^lTtK 
lt*rftt#*>C PU<i/otX A#KC5ST It. 
V*SfcJ*7*0"fcXA*gfrW*Sc^£V*5tt«* 

AW^o ^7 a * * v * *>filfr * g 

cft«aafr&i*« *-*-#3fl*>C PUH 
Rttofcf-nftHlU *?- h7#-A^f:£ 



*<0T, yu-^^-f y HfWll3flOCPUC 

RJHLT£C*. TLB«*I1**RW 
-TSrtttflrtTfc*. TLB«nttfi«<-i?R 
^TL B 8 3 h !/c«>*£ btcv>fc*> 

Blii3fi<OCPUJ K 12, 13C^tR 

— -caitni** <?r, .:nu, tlb83^'/7 
*mu ftcpu^fl^H^ h u-a efts* 
**ffi»u ^oiida^^o^M^c pu 

mtfl^h^^/tt!), 3<B<0CPU<07 

JW*6. mi 3HI1* *2B*>«ie>&*R»a&S 
0K6 5Oi:»>ff<ao:/o^ai*.t. *CP 
Ull, 4X111 SMtCftM v 

6 9xii7 o^^<on««oa*«:»R-r6»E 

«13 5**t/. £Ott«llfcf>*C*>fc$2*n 
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tiOT, TLB8 3<DtMB<l1*C<Ra*4 AC 

l/OM26> 27XH28H, 30*>C 
PU1K 12,M130fiflf^c:ov>t 
«lt*WL*^. Rot, I /OS*fcJ:o-ca 

*8&EUU 3 0OCPUtl^»att/o 
tvffcUtfit, CPUWKORJQI^RWOX^ 
COV*TO«***rU*V*. «->1\ 

*4 vCC-4Ji-C«^^W^?n*lt»-4-C 

tfn6.*CPUl U 12. I3^^t«03 
9 i&*#*> 6. rf-*Bfcl 3 6 fit 

^cpuw0«9 

A***t*«L/t***B + &#- Krff 5. 
(1M ****** 7 I T*ltt*n6) l5>fe*t 

a»)a^#-^ t 36tt> ?4vi37fc'<*5 
5*4 3t*l,t#7^D^tyt4 0*)» 
9ii*e , vcffl9i&****-. WOi&^tr^-Tfc 

ntt^Ot, £^4 * o^o* **4 0 II, R 

SU 4011, ACttLTtt 9&**R 

JW-T6*:<>*><< iyH)'/-tv*t:jPt. CP 



u-a. cpu-Bat;cpu-ct^?n/ifiii, 

VTA,* 4 A-C(0 UTOftC PU<0**V*7 
1 K#lt*tM ^ffft**-*-. IRQ_A_P 
ENDING. I RQ_B_PEND I NGRCf 
I RQ_B_PEND ! N G t *2 n fcfr l± v * 
1 3 6WA^CPUM/<x| 8<r^tt|g 

M«*r h?ntv»6Ct . IRQ 

_A, I RQ B. RlM R Q__C £H%£ftfcfif 

OttIB C?<f >i 3 7 0«#) CCTI 

HI 4Ht, ^«fl)«0a* CEX_l RQ) uu 

RBI 3 5#*0&***«U CPUIQ/<X1 
8C*<f *AJtR4T»«-r6**lf, IRQ_ 
C.PEKDINCttlJMt.tiCftO, IR 

Q B P END I N G ttl?P8 t t T 1 C & 9 % 

f B Q A P E N D I N G 12*9(8) t .TiCtt 

6. * Ltt 1 3 6#<M *JHfft8 

CPU-AOfl 
I 3 6UU te<0 2tt<0*9i&*3;fc 

'RQ^PEND«f|«m. CPU- 
A<0«5ii^^-^ i 3 6tt£TOCPU#rttf 

ntzm* h i 3 8 

cm^?nt»iftfni. cpu-B^cpu-c 

0»9i&**-* | 3 6 

H:*n-eni»«it,t cp 

I 3 

7 1 tt* 1M **ffft 7 

CPU-BtCPU-COMDMmi 3 5 iU 

-328- 



»Kl ¥2-202637 (28) 

RQ_Cttimt,TlCtf 9> IRQ_Blil* 

tfo^ni^fifl^-f (-ret 

*>*<M *A,ftft8) TCPUC*?n6. 
*l 5HC % ffl 4BK5?*nfc7*^ij 

x_ i rq) t .-c^a^n*. 

#K»l 3 SttCOtlJii^frMfcu 
ttft4-CCPUW><* | 8 
CPU-B*CPU-C*l*IHIt ,<0«IC1M 

C P U-Att^H t .OWfciM >*Ifft*Sfr+ 
*. CPU-AttU« t< T^M9ii 

-9 1 3 6#1M *^ttft7-C«9fc**ft£eV 

cpu-c 

<O»0i&*#-*tt % CPUK/<^i 8c»»)ii 

1 3 6U % ± 

aafclHBt i.C, CPU-BtCPU-A<Ofl9a 

i 3 6«t, e> 
y a-c^r, l 3 6ut, sfoxf - h 

8 *ff*n/txr- hit. ± 

c p u -car < ^ < omc p ua<rts« 9 

1 5B«>K«<0* 5c) ^A,frtt*t>Lfeir*«^ 



uv* *<Ott!JB Cetera * 4 ACRJQ!tt*6 0> 

*>fc£ * life * 4 9 ^tttt r / o * v * * y -f c 

*1 5H<r#«tr, *tCPU-C^RH 
U «9t-K^«5a^E»l 35^3EU< 

1 3 6##o*f>tf, *<Ote*. 

1 «JOCPU<ot« 1 fl*>Sg9*t&C P UCO 
v»r <o£f*«o« 9 * * - v fcfttt-c 0 ft 

9 ft fetf, jl*-*U«U 
PU<0*»u*x* i 3 8**9 

9&*#-* 1 3 6UU /otylff 

rotfhitr* *<oft:*>9«9i&**cfc5ee* 

*****/40 K« 9 + 9 
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&**;*5£t:* ht»glfcCit#-f | 36 

«9i&*#- Ja<«9ii*5»sfc5£e7 
H h + *1t4 ^ItftTSCS. ft 

flO«9i&*j*fc£e* h^tr h*n*J3&£ 

::tu, na*9&*i*> fc*cpu*>a9i& 
*frfiiM r+owiThh#*<ota<oc p u<o« 
9ii*frRlM ^<0ttKl»?ni. »2o> 

6. fc Lftfl<0* 9 tfr K£ittf«9 

9 ►Moiioa**- mm * 

8**y*) Ht«Lfc. tv?a-DNtO 
y *(0«Jflli % «9ii*#-l>*4?*0 

*rA,fcftt>«9&*#- mm * A-0ti*>tz&iR 

1M **l|-fttt« N1M *A-ttft««CfiC 

sc*##flE*n$« **>^-o 8 vf c» 
WttKfcKis*-* Kit c c rffl^ f,n^ . 

M-ftK*-*** iT<0<f ^y h^N^^^/Ufft 

ftcfi^cH^s^n^. w^^c ^«ft 
(t<ct>^3F^«tt^«>y ^ 7 l) «tt«-c*<c 



o>xx/>/<? /-9 *?KStt<* 

rwt» cfi^tt*n-encc-8^cc-4Ti)i) 

. CC-8*CC-4<Ofltt> 0*N-1 <Nli* 

J:otMP*?n»&3fl*)^°*^C P U-A. 
CPU-BR^CPU-CWt^ ^^ff-RFU 

yr^^uoi jfic-rftc pu*fe<M*x-a* 
*ltR**j*<OC P UOf^ *A-«-R*feftL5l 

9tt**n*. D...*>*au N^c.ic^w 
r* tt«?ne. 

**ia*<? a y 9V4 9 * 4 9 0> 4 > 

are* (2) c.-c, < d...- i 

mi 7BHU N-4T7o*t*K 

v 7 ho - 3 <o«£<o c«- 0 

it6**»** *+*4 9 CQ> 

li, 1*13 t .Jtt**fr;?nfc#*RT*$) Off 
jfcTfc*. ***M **ttR<DQIi, I/N<0£ 

«£n$0rfclf* CPU-All, WWtiC«9ii 
**fiS*#RU C PU-Btt, •*» t iCWOii 
*&R+4 9A-*Xfi+Z. CPU-AC»t6 
« 9 &*#R*4 - lTfcDCPU-B 
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n*. ::«:. fi«Ittt^-aN»»t Ut 
*fr*n*. :nu, D..,tft*i:t6c.tc 

tt % i*m t «T£s*na. £<o»£* cpu-b 

XAioCot^^b<fV». fctftffe, CPU- 
A^flOaWKt^ 9** ft ofcfiCC P u- 

b mm ****fr+a*fe 

HicintKy7ht«cfct<i4. com 

are* (l ) c.-c« < d...- * 

ett. cpu»/<xi 8ce**n*« 

ItR-cro-e * iMc«9ii*<T7Bi". * 

are* (3) N/2 > D... 
ZCIZ % N HURT* 9, D. * *ttR 

<o£Rfc t-c**n*. ::t, 2p®5t C2) t 
(3) li*C**fcJ5ttCfclt6*>( 

(2) * (3) * ttt^t6Uf:J:ot^t 

we. 

#@5t:(4) c.-c, < n/2-i 



9i&*<0«fcWU 9 4 > 6 9 -C<0*fflSf 

7 ^ <» a 0 & * <0 ft ^ * <0 EJ <0 1* (VI IQffi -c h . 
7 o * * * « 9 & * <D » * 6 fc *!> 

#6* (5) L ... - 2N - I 

C£tZ % L...UU *4*JHtttT»* 

L...-1 6/2 + (8-4) - I2t0^t 
Ut>*>0- 7 I y t*-c*6. 

B»li> y 7>u* 4 a J: y ttt/L6««* 4 at 

c p umu h y - Ac<?ptia<oc put 

A^>*U l 6<0DRAM(1„ 

4Cov*-cJL£Ufc J:?*c8m sec«c5l2t 

CHt, *7^72li, 5 1 2 0 I ff *T K 
UXU> 1 5m s e cftIC 1 ODRAM 1 6C 
y 7Uy>a3^v K trtH^j L te (tndtc tc <r*. 

t> t> «!J|fcflF*t'J 7 ^aOMCWJHfe 
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casein* t*o 7 h 

(6) L...-N/2- (C.-C,) 

LTftfc**!*. N-12 
8, CC.-C<) «•! 0* L.,.» 7 4 Xtlft) 4 . 
4^4 (x ***L-C) 

4 feT* h (4 m2Mx?-*J) 71i* 

-8. C < -4tfc^Ci:W5, tHt» 
^>t!IO'j7i'7->ai:l/T^^^ ATft6<0 C 

PucaifcicjaJisttecfcHu cput^w^ 
****** «->-t\ 

ttT*B{m^t&J:7t:y7U7 
- sue* f>ur, ^uv^ 

tt> l WOCP U4<ffiOC PU J:9 29 ** v 9 tl 

p u k t D x v * - * n flfe o c p u # c cy a, - 
cputt, #s:cjinTv* < . cnf>(0 

HBOir* < fc*><0«M 9*** * V 9 

tt % % h-»*4 9A,#tt&Zlx*V£t*2.m 
t&. *IT, *> LA.-7*CA-jr# < <0X h - 

tt<r^C**SCfc^^rjli<tf,tf) , «X8*«1 5 
rase c<ORff^*SFL< «^£n*^*fctf* 
•j7W7->»Oit»i:^f, tt«t:*<b^if6. 



<*T* 2*+Ut>h 2 5 6 ? v^-f ***tr»U 

2 ati % 7CJCSLT) 
2 'x h * x-trttft L> *-'<-ro- 

+ &*KL#21>*>* 7 2 *#4 V * > 

(*»vH2 b tt*K 8 t^r 1 

rg**n**ft«>j&fti«>y * ***fr5. c 
2 5 6 *r*>x h-**4 

-T6. tttett* o_**/*y 1 6tr*fr*n* 

^o-y<^/ *y a>5 1 2 8M/M hn->tu 
^-cox v>*»J iter a * y x y r (> 

tH->'a-jH 4ti 5) T<>6. 

OflStt. 3fi(0CPUl 1> I 2RCf I 3tzt> 
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if. llttc y 7 •>* Kcff < * ?c y y 

<>*yfi> 

91 B5^^»3Htt<OC PU 1 \ % 1 2, R 
fc>*y3HI*«*.6. o-**>*y I 6#8 
#3 2M/<^ h Trfca«*J8v*-c, 
e><tytit;L^ cpu>tyr^txara<oH 

C9IRtt<cO^*>4 OM/W ^tt«77 7*) — 
*-Cfc6. 0*»^8M/M UTOtt^t <3« 
d)CPU*i?a-K) 3fi<tU> 8*<*40M 
*<4 h«#* 2«ftttV»6^ «&JKttCtt*C 

*<0£W1 4 2f*iORCf-n^<Httc*t'. 

o^a^y * y n irtciiuNixt^u 

-r 4 v/>^f AOfciiottl 4 3 ( => - K ) 

>*y l 6^B5e?nfc«7>rtc:fe3ttt*c^T e 

*y i 6<oH5E*n*:*y r i 4 ickost^ 

/o-'<jw * y xi*x< x**^ xtf^ 
D-/<ju>t'jXttf< 7.^f,j[ft?ntt^. 

tajffcoT*: *y i 4 t i 5 ox y r 

146fc*fc*n6. /o-/<^^'Ji'J71 
4 2 HU xijri 4 6 C#(7* a -if — 
fc^OAf-^v/xy T (staging area) £ U 
tfcxij T 1 4 JtZtoltZri 77 



hits T4*9'<t7t**)7 \ 47C3e-t 
+ htz*>*>nwii I/0/Dt7t26n7C 

I 4 SCae-tt^BClt^tfcatt 

*<Oft*>9 t 5 * 

Rtt<r2rttT„ — * {i x tj r 1 46tt* 
f<^tt^l/orn^ Cflitlf tfr*) 

R 2 0 0 0 /ot7tf » ^OfifiT Kw^ry 
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